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Serological testing for celiac disease in adults
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Abstract

Background and aim: We present a systematic review on the performance of currently available methods for serological
diagnosis of celiac disease (CD) and the role of human leukocyte antigen (HLA) typing.

Objective: A literature survey was conducted using PubMed, MeSH database, Web of Science as well as manual searches.
Results: Tissue transglutaminase antibodies (tTG) (IgA) (tested in nine studies) show sensitivities and specificities in the
range of 0.76-0.968 and 0.909-0.98, and deamidated gliadin peptide (DGP) (IgA and IgG) (tested in eight studies) show
sensitivities and specificities in the range of 0.69-0.984 and 0.903-1. Endomysial antibodies (EMA) (tested in five studies)
show sensitivities and specificities in the range of 0.61-0.937 and 0.98-1, respectively. Combination assays (tested in three
studies) using DGP +tTG and DGP (IgA + IgG) show sensitivities and specificities in the range of 0.87-1 and 0.8-1, respect-
ively. HLA DQ2/DQ8 may be necessary for the development of CD—HLA DQ2 in particular. A possible close correlation may
also exist between CD and HLA-G.

Conclusion: DGP and tTG for serological testing for CD show equivalent diagnostic performance. More studies with, in
particular, DGP alone and in combination with tTG are necessary before a firm recommendation can be made. HLA typing to
exclude CD may still be controversial. It still seems premature to diagnose celiac disease in adults based on serology alone.
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Introduction

Celiac disease (CD) is an autoimmune, gluten-sensitive
enteropathy where intake of foods containing gluten, a
protein found in grain species such as wheat, barley and
rye, to cause mucosal damage in the small intestine,
leading to malabsorption.'

Ninety percent of all patients with celiac disease
carry HLA DQ2 and probably all of the remaining
10% carry HLA DQS8. However, these haplotypes are
carried by about 30% of the unaffected population as
well.? The prevalence of CD is estimated to be around
1% in the general population.® It is assumed that HLA
DQ2/DQ8 represents less than 50% of the genetic
explanation of CD’s etiology,*® which means that
there must be other genetic factors playing a role in
disease development. It is still controversial whether
HLA DQ2 or DQS8 is necessary for the development
of CD.

The area of serological testing for CD has developed
greatly in recent years. The most commonly used anti-
bodies are antigliadin antibodies (AGA), endomysial
antibodies (EMA) and tissue transglutaminase

antibodies (tTG).>” The AGA test was developed in
the early 1980s, and more recently developed assays
may have higher sensitivities and specificities than
AGA, which is considered obsolete.®'* The recently
introduced deamidated gliadin peptide antibody (DGP)
has shown promising performance as compared to EMA
and tTG test results.® >'*'> Data and experience con-
cerning the usage of DGP are still preliminary, however.

EMA was developed in the mid-1980s after AGA
and has generally shown high specificity and sensitivity.
However, drawbacks of this assay are the resource-
demanding use of immunofluorescence and the
operator-dependent nature of the test results, possibly
diminishing the objectivity of the test.**'® The tTG
assay, which uses enzyme-linked immunosorbent
assay (ELISA), was developed in the late 1990s and
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has shown sensitivities and specificities close to EMA.
Besides, tTG immunoglobulin (Ig) G may be usable in
diagnosing CD in individuals with IgA deficiency.*'?
The current literature on diagnosis of CD reflects con-
troversies among clinicians with respect to preferred
screening tests, screening algorithms and the role
played by HLA typing in the diagnosis of CD. Are
we approaching a scenario in which CD can be diag-
nosed or excluded in adults without performing a small
intestinal biopsy? We will address these questions in the
present systematic overview of recent papers on sero-
logical testing for CD in adults.

Material and methods

Search strategy in MeSH database (limits:
2006-2013)

Initial search: celiac disease — add to searchbuilder
with AND, serologic tests — add to searchbuilder and
search PubMed: celiac disease AND serologic tests,
which brought us 107 hits. First, the articles were
chosen by their title alone. This was followed by a selec-
tion based on abstracts.

The same method was used in the following searches:
celiac disease AND serologic tests AND gliadin (22 hits),
celiac disease AND serologic tests AND transglutami-
nase (42 hits), celiac disease AND histocompatibility-
testing (33 hits). Searching the same way for EMA
and deamidated gliadin brought no results in MeSH.

Search strategy on PubMed (limits: 2006-2012)

Initial search: celiac disease and serologic tests brought
us 173 hits. First, the articles were selected based on
their titles and subsequently based on their abstracts.
Second search: celiac disease and deamidated gliadin
(108 hits), celiac disease and serologic tests and deami-
dated gliadin (22 hits), celiac disease and serologic tests
and transglutaminase (96 hits), celiac disease and EM A
(192 hits), celiac disease and serologic tests and EMA
(34 hits), celiac disease and HLA (530 hits). The selec-
tion of articles was conducted as explained above.

In selecting studies, cohort and case-control studies
were included, and only those published between 2006
and 2013 were selected as to practically include all stu-
dies of the DGP assay. Studies including only children
were excluded as we wanted to focus on serological
testing in adults. Likewise studies with unclear study
design or those for which the diagnosis of CD was
not confirmed by biopsy were excluded. These criteria
were met by the studies listed in Table 1.'%11:17-24
Sensitivities, specificities, study prevalences together
with positive predictive values (PPV) and negative pre-
dictive values (NPV) are shown whenever these where

reported (definition of the terms according to Jergensen
et al.,> Table 2). Because information of normal distri-
bution of data was rarely given, it was decided to use
nonparametric median and ranges.?’

All studies used met the requirement that all diag-
noses of CD were finally confirmed by a biopsy and not
by serologic testing alone, as biopsy is considered neces-
sary by many for diagnosing CD.>®!>1¢ Studies that,
before testing, had taken IgA deficiency into account as
being a possible condition among the participants (by
measuring total IgA) were preferred to avoid this being
a source of error in the final results, as IgA deficiency is
common in CD patients.**

Results
EMA

Five studies (three case-control and two cohort studies)
studied EMA assays: Four studied EMA IgA
tests'""?"> and one studied a EMA IgG test.**

EMA IgA. The median sensitivity was 0.835 (0.61-0.937).
The median specificity was high; 1 (0.98-1). PPV was
0.82 (0.644-1). NPV was high; 0.969 (0.944 and 0.994).

EMA IgG. The study by Villalta et al.** tested the per-
formance of an EMA IgG assay. The only value
reported was the sensitivity of the test: 0.758.

(See Table 1 for further information about the
studies.)

tTG. Nine different studies (four case-control and five
cohort studies) studied tTG assays: Eight studied tTG
IgA' 1823 and two tTG 1gG.'"**

tTG IgA. The median sensitivity was the highest of all
the examined (single) assays; 0.93 (0.76-0.968). The
median specificity was 0.952 (0.909-0.98). PPV was
0.937 (0.286-0.969). The median NPV was 0.968
(0.963-0.9906).

tTG IgG. Only two values of sensitivity were reported;
0.414 and 0.842. There was only reported one specificity
value that was relatively high (0.988). No PPVs or
NPVs were reported.

(See Table 1 for further information about the
studies.)

DGP

Eight different studies (five case-control and three
cohort studies) studied DGP assays: Seven studied

DGP IgA tests'®'""!72! and seven studied DGP IgG
tests, 10-11:17-20.24
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Table 1. Summary of the examined studies

Author Study design No. of participants

Selection criteria Biopsy

|10

Veermersch et a Case-control

Sugai et al.'® Case-control

Cases: Total of 86 newly diagnosed CD patients. Blood
samples analyzed from the time of diagnosis.
Controls: Total of 741 consecutive non-CD patients.

Cases: Total of 92 consecutive CD patients. Blood
samples analyzed from the time of diagnosis.
Controls: 113 non-CD patients undergoing gas-

Newly diagnosed CD. No previ-
ously known diagnosis of CD or
treatment with GFD.

Cases: suspected CD (symptoms of
CD), SBB taken.

Controls: Non-CD. Gl disorder.

All participants.

All participants except for
the 29 patients with
Crohn’s disease.

troscopy because of Gl problems. Hereunder 29
patients with newly diagnosed Crohn’s disease.

|19

Sugai et a Cohort

symptoms.

|20

Niveloni et a Cohort

disorder.

|11

Volta et a Case-control

analyzed from the time of diagnosis.

Controls: Total of 134 patients with differential

diagnosis to CD.

|21

Kaukinen et a Case-control

Total of 161 in high-risk group suspected of GI dis-
order; 518 patients in low-risk group undergoing
routine endoscopy because of nonspecific

Total of 141 consecutive patients with suspected Gl

Cases: Total of 128 patients with CD. Blood samples

Cases: 53 CD patients (44 with untreated CD and nine

Individuals referred to endoscopy
because of suspected small
bowel disorder. No previously
diagnosed Gl disorder.

All participants.

Symptoms of Gl disorder. Referred
for endoscopy. No previously
diagnosed Gl disorder or
treatment.

All participants.

All cases.
43/134 controls.

Biopsy proven confirmation or
exclusion of CD. Controls have
well-known differential
diagnosis.

Gl symptoms. SBB performed. All participants.

with nonresponsive CD despite long-term treat-

ment).

Controls: 46 non-CD patients with abdominal

symptoms.
Hopper et al.”? Case-control

time of diagnosis.

Controls: Total of 1923 individuals without CD.

Dahle et al.? Cohort

Tonutti et al.” Case-control

diagnosis.

Cases: 77 CD patients. Blood samples analyzed from

176 patients referred for endoscopy and SBB because
of Gl symptoms (79 of these known to have CD).

Cases: Total of 144 patients with CD, nine on GFD. The
rest: blood samples analyzed from the time of

Consecutive patients referred for
gastroscopy. No previously
diagnosed CD, coagulopathy,
Gl bleeding or suspected
carcinoma.

All participants.

Endoscopy and SBB performed.  All participants.
No previously diagnosed CD.

No GFD.

Cases: biopsy proven CD.
Controls: No CD.

All cases. Controls
unknown.

Controls: Total of 129 non-CD individuals (60
healthy blood donors and 69 patients with Gl

disorders other than CD).
Villalta et al.** Case-control
the time of diagnosis.

Controls: Six individuals without CD.

Cases: 34 CD patients. Blood samples analyzed from

CD diagnosed by SBB. All participants.

CD: celiac disease; GFD: gluten-free diet; Gl: gastrointestinal; SBB: small bowel biopsy.

DGP IgA. The median sensitivity was the second
highest of all the assays studied: 0.91 (0.69-0.984). The
median specificity was high; 0.969 (0.903-0.98) like the
median PPV; 0.945 (0.892-0.989) and NPV; 0.972
(0.852-0.989).

DGP IgG. Here the median sensitivity was high
as well: 0.882 (0.754-0.967). The median specifi-
city was 0.996 (0.985-1). The median PPV was
high as well: 1 (0.982-1) and NPV was 0.959
(0.869-0.97).

(See Table 1 for further information about the
studies.)

Combination assays (DGP and tTG)

Three of the cohort studies tested combination
assays:'”?%?* DGP IgA and IgG combined with tTG
IgA and IgG, DGP IgA in combination with tTG IgA,
DGP IgG combined with tTG IgA and finally the com-
bination of DGP IgA and IgG (Table 3). All combin-
ation assays showed high sensitivity, specificity, PPVs
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Table 2. Median (range) for assays tested in different studies

Assay Sensitivity® Specificity? PPV? NPV? Reference no.”
EMA IgA 0.835 (0.61-0.937) 1 (0.98-1) 0.82 (0.644-1) 0.969 (0.944-0.99%) 122

EMA IgG 0.758 - = - 24

tTG IgA 0.93 (0.76-0.968) 0.952 (0.909-0.98) 0.937 (0.286-0.969) 0.968 (0.963-0.996) 10,11,18723

tTG IgG 0.628 (0.414-0.842) 0.988 - - 1024

DGP IgA 0.91 (0.69-0.984) 0.969 (0.903-0.98) 0.945 (0.892-0.989) 0.972 (0.852-0.989) S

DGP 1gG 0.882 (0.754-0.967) 0.996 (0.985-1) 1 (0.982-1) 0.959 (0.869-0.97) Ll

The finding of medians is based on sensitivities, specificities, PPVs (positive predictive values) and NPVs (negative predictive values) specified in a 95%
confidence interval (Cl). The assays are: EMA (endomysial antibodies), tTG (tissue transglutaminase antibodies) and DGP (deamidated gliadin peptide
antibodies) further separated into IgG (immunoglobulin A- and G-class antibodies). 2All numbers are specified as median (range). *The amount of
numbers is equal to the amount of references used in calculating sensitivity, specificity, PPV and NPV of the different assays.

Table 3. Median (range) for combination assays tested in different studies

Assay Sensitivity® Specificity? PPV? NPV? Reference no.”
DGP (IgA and IgG) - tTG (IgA and IgG) 1 (0.91-1) 0.855 (0.8-0.91)  0.928 (0.903-0.952) 1(1) HRPIPE
DGP IgA +tTG IgA 0.968 (0.936-1)  0.958 (0.926-0.99) 0.947 (0.909-0.984)  0.98 (0.959-1) 22
DGP IgG + tTG IgA 0.953 (0.905-1)  0.988 (0.975-1)  0.98%4 (0.967-1) 0.97 (0.94-1) 220

19,20,23

DGP IgA and IgG 0.952 (0.87-0.983)  0.96 (0.988-1) 0.99 (0.983-1) 0.979 (0.97-0.988)

The finding of medians is based on sensitivities, specificities, PPVs (positive predictive values) and NPVs (negative predictive values) specified in a 95%
confidence interval (Cl). The assays are: tTG (tissue transglutaminase antibodies) and DGP (deamidated gliadin peptide antibodies) further separated into
IgG (immunoglobulin A- and G-class antibodies). 2All numbers are specified as median (range). "The amount of numbers is equal to the amount of

references used in calculating sensitivity, specificity, PPV and NPV of the different assays.

and NPVs with medians above 0.9 except for DGP (IgA
and IgG) + tTG (IgA and IgG), which had the lowest
specificity: 0.855 (0.8-0.91).'%**2 On the other hand,
this assay had the highest sensitivity and NPV (1 in
both studies where the sensitivity was reported).
DGP IgG +tTG IgA had the highest specificity: 0.988
(0.975-1)."2° DGP (IgA +1gG) had the highest PPV:
0.99 (0.983-1)."%223 DGP (IgA) +tTG (IgA) had the
second highest sensitivity: 0.968 (0.936-1) and NPV:
0.98 (0.959-1).1%-20

Prevalences in cohort-studies

In the three cohort studies by Sugai et al.,'” Niveloni
et al.?® and Dahle et al.?® included in this work,
all patients were referred for gastroscopy because
of suspected gastrointestinal (GI)/malabsorption
disorder. ~ All  patients  underwent  duodenal
biopsy.'*2%? The prevalence of CD in the three studies
extends from 39.1% to 44.9%, which is very high
in consecutive patient materials, however. PPVs
and NPVs are reported in two of the studies,'”" and
here all PPVs and NPVs are higher than those of
the case-control studies, except for the NPVs of TG
IgA and the PPVs of DGP IgG, which are comparable
with the case-control results. The same cut-off of
20U/ml was used in testing all assays'’**** except

for AGA, for which the cut-off was 25 U/ml. Dahle
et al.?® used the cut-off of 5 U/ml for the tTG IgA
assay.

HLA-DQ

HLA DQ2/DQS8 typing is typically used to exclude CD
in patients when misdiagnosis is suspected or in patients
on a gluten-free diet for whom the diagnosis is unclear
and gluten-challenge is not possible.”'* %227 Some
find HLA DQ2 or DQS8 negativity to be sufficient to
rule out a diagnosis of CD®'*13:2627 a5 the tissue
types are considered necessary for the development
of CD.?%%

In a study by Karell et al.,*’ 61/1008 CD patients
were found to be missing HLA DQ2 and DQS8
hetero-dimers. Of these 61 patients, 57 patients
expressed one of the alleles of the HLA DQ2 dimer.
Kupfer et al.** found that individuals expressing only
one allele of the DQ2 dimer are at low risk of developing
CD. Hadithi et al.>* compared the efficiency of serologic
measuring and HLA DQ testing in the diagnosis of
CD, respectively, and concluded that the expression of
HLA DQ2 or DQS is necessary but not sufficient for
the development of CD. Likewise, the authors find
that a biopsy is redundant in cases for which both
serological tests and HLA DQ2 or DQS are positive.
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Others find that a biopsy is still an absolute neces-
sity in diagnosing CD regardless of other test
results. 2%+ 3

Torres et al.® investigated whether HLA G (coding
for major histocompatibility complex (MHC) class I
molecules) is associated with CD. All 24 CD patients
studied expressed HLA G while none of the nine non-
CD individuals did the same. In addition, raised levels
of serum HLA G in patients with other diagnosis, e.g.
Down syndrome or autoimmune thyroid disease, were
observed while there was found low or negative values
in CD patients on a gluten-free diet for more than five
years. Fabris et al.”’ confirmed the results of Torres
et al. Trynka et al. recently found 13 new CD risk
loci, bringing the number of known loci (including
HLA) to 40.%¢

Discussion

IgA tests. EMA has a low sensitivity: (0.835, (0.61—
0.937)), compared to earlier studies that rate EMA
as the best test (comparable with tTG).“*** Dahle
et al.> explain the low sensitivity of EMA IgA in
their study by the relatively old age of all participants
included (half of them are 50 years or above) as old age
has been connected to less true-positive EMA results
compared to studies that include younger adults.
Despite the generally low sensitivity, EMA IgA has
the highest specificity of all assays together with a
high NPV, and therefore it is usable to identify CD,
e.g. in persons in a low-risk group. tTG IgA has the
highest sensitivity of all (single) assays and a high spe-
cificity overruled only by DGP IgA, which also has
the second highest sensitivity. This indicates that the
assay is suitable for identifying persons with CD and
can be used for screening purposes. The high values
match the results from other studies that also find
tTG IgA to be the most successful test together with
EMA 3:6:8.26.34.37

lgG tests. There is insufficient data about EMA IgG
and tTG IgG in the selected studies to make firm
conclusions. Earlier studies have shown both low
sensitivities and low specificities of the two
assays.®* Kaukinen et al.>' show an impaired perform-
ance of AGA assays when non-CD patients have
symptoms compatible with CD. In their study, 54%
of the non-CD control group was tested positive
for AGA.

DGP IgG shows superior performance compared to
DGP IgA and other IgG assays. It has a relatively high
sensitivity, a high specificity and the highest PPV of all
(single) assays. DGP IgG could be especially effective in
persons with IgA deficiency (concluded by others as

well®1%202%) and it could therefore be used in routine

testing as a supplement to a tTG IgA test.

All combination assays have higher sensitivities than
each single assay alone (Table 3). Almost all combin-
ations have higher specificities exceeded only by DGP
IgG (0.996 (0.985-1)) and EMA IgA (1 (0.98-1)). All
the PPVs of the combinations are higher than those of
AGA and EMA IgA (single assays) while all the NPVs
are higher than those of the single assays alone.

When comparing the different study designs, cohort
studies are preferable over case-control studies if the
prevalence rates of CD in the cohort are realistic
(Table 2). Cohort studies use consecutively chosen
patients with symptoms compatible with CD and pro-
vide reliable predictive values if prevalence rates are
relevant. None of the patients involved in the included
cohort studies were previously diagnosed with or
excluded from having CD (except for Dahle et al.*
(see Table 1)) and thereby expectation bias is avoided,
which can be an issue in case-control studies if they are
not properly blinded. Cases are specifically chosen and
have all been diagnosed with CD, while the control
group often consists of healthy individuals without
symptoms or other patient groups. Biopsy is omitted
(or not reported) in some control groups''!” and there-
fore the presence of CD cannot be excluded with
certainty.

Comparison of the three cohort studies included in
this work by Sugai et al.,'” Niveloni et al.*® and Dahle
et al.?® show prevalences of CD extending from 39.1%
to 44.9%. This is a very high prevalence of CD in con-
secutive materials even in highly specialized practice,
although reservations due to overlapping patient
material must be taken into account for Sugai et al.'”
and Niveloni et al.>” The PPVs and NPVs reported in
these two studies'*® show that all PPVs and NPVs are
higher in these study populations than those of the
case-control studies, except for the NPVs of tTG IgA
and the PPVs of DGP IgG, which are comparable with
the case-control results. The cut-off values of the assays
are the same in the three cohort studies, which justifies
comparison of the study results.

For many years it has been known that there is a
strong association between the tissue types HLA DQS
and DQ2 and the risk of developing CD.>® Karell
et al.’' confirm this, as 57 patients lacking the HLA
DQ2 dimer express one of the alleles. It is therefore
important that HLA typing be performed on each
allele separately to avoid individuals being incorrectly
placed into nonrisk groups. In many cases a HLA test
alone is considered sufficient for excluding persons
from the at-risk group.®'*?*?” However, the Karell
et al. study®' also exemplifies the opposite as CD in
rare cases has been seen without the occurrence of
HLA DQ2 or DQS. However, the possibility that
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these rare cases represent misdiagnosis must be con-
sidered. The connection between CD and HLA G**%°
and its role in tissue typing in the clinic must be further
investigated. It seems fair to conclude that if CD-like
disease develops in HLA DQ2/DQ8-negative individ-
uals, then it is very rare.

In conclusion, tTG IgA and DGP IgG show the best
performance from a clinical diagnostic standpoint. It
seems as preferable as combining two or more assays
(especially DGP (IgA and IgG) + tTG (IgA and IgG)
or DGP (IgA and IgQG)) as this shows both very high
sensitivities and specificities (Table 3) compared to the
single assays as concluded by others.”?"'*!'® However,
data derive from three studies only, and additional pro-
spective studies as well as cost-benefit analyses are
necessary before final recommendations can be made.
In addition, more cohort studies should be conducted
using DGP assays (both alone and combined with tTG)
to confirm or refute the usefulness of these tests com-
pared to other assays (tTG or EMA alone). Based on
the above studies in adults, it is still premature to rec-
ommend a diagnostic strategy for CD in adults that
omits duodenal biopsy. Such a strategy seems feasible
in subgroups of children with CD. Here intestinal biop-
sies can be avoided in one-third or more of seropositive
individuals in the presence of high CD-specific antibody
titers, gluten-dependent symptoms and the presence of
HLA DQ2 and/or HLA DQ8."* Further cohort studies
in adults, also taking predictive values of antibody
titers into consideration, are anticipated, preferably
with designs allowing evaluation of diagnostic strate-
gies that aim to omit intestinal biopsies.
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